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Abstract 
The rising world-wide trend toward developing clean and efficient energy resources has 
caused dispersed installation of distributed generation (DG) units in power systems. 
Microgrid (MG) concept is considered as the best solution to address the resiliency issue of 
future modern power systems, which are expected to receive a considerable amount of power 
through inverter-interfaced DG (IIDG) units. Droop control systems are widely adopted in 
conventional power systems and the decentralized droop-like control method is the most 
favorable control system for MGs.  However, there are some crucial issues related to the poor 
performance of droop control in autonomous networked MGs (NMGs), which are considered 
and addressed in this thesis. 
The requirement of expensive and unreliable high band-width communication 
infrastructure is obviated in droop control. To this end, the power network is regarded as a 
communication link and voltage variables as control signals. This, however, reduces the 
stability margin of autonomous NMGs due to the interaction of droop controllers through the 
power network. Lack of inertia of droop-controlled power converters and low X/R ratio of 
interconnecting power lines intensify this interaction which may lead to the instability of 
NMGs. On the other hand, the existing parallel-based small-signal model of MGs is 
inadequate to represent this interaction in the content of NMGs. To this end, an accurate 
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state-space model is developed in a fully decentralized approach for autonomous NMGs 
which does not rely on any converter for any specific role.  
Moreover, the major challenges related to NMG control is the ineffectiveness of droop 
control in accurate power-sharing, frequency fluctuations, and voltage deviation, which raise 
stability and power quality issues. This work also deals with frequency fluctuation and 
stability concerns of f-P droop control loop as well as dynamic performance, voltage 
regulation and stability concerns of V-Q control loop in autonomous NMGs.  
Besides, penetration of IIDG units puts the stability of modern power systems into risk 
due to the vague and arbitrary output impedance of IIDG units. In this regard, an optimal 
voltage regulator (OVR) is proposed for controlling IIDG units to achieve a free/wide range 
of impedance shaping. The OVR facilitates the optimal impedance shaping based on the 
control requirement and grid impedance characteristics, which makes the IIDG units 
consistent with the power network, thus contributing to stabilizing modern power systems 
and autonomous NMGs. 
Numerical and simulation results in MATLAB\Simulink platforms are executed to 
evaluate the effectiveness and accuracy of the proposed methods. 
  
Keywords:  
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